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[57) ABSTRACT

The compounds of the invention are 5’-phosphonates of
3'-azido-2',3'-dideoxynucleosides having the following
general formula:

RO O n
N
| P i
R = —P—OH, —CH-—P~0OH. or —P—0H.
| i {
O QO O

where B is thymin-1-yl, cytosin-1-yl. adenin-9-vl. or
guanin-9-yl. The compounds according to the present
Invention are selective inhibitors of replication of the
human immunodeficiency virus in a culture of human
lymphocytes. | |

6 Claims, No Drawings
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S'PHOSPHONATES OF
3-AZIDO-2',3'DIDEOXYNUCLEOSIDES

FIELD OF THE INVENTION

The present invention relates to the art of molecular
biology and, more specifically, to novel 5’-phosphon-
ates of 3'-azido-2',3'-dideoxynucleosides which are se-
lective inhibitors of the reproduction of the virus of

human immunodeficiency in a culture of human lym-
phocytes.

BACKGROUND OF THE INVENTION

Known in the art are various compounds inh:biting
the reproduction of the virus of human immune defi-
ciency. The most effective among the known com-
pounds 1s 3'-azido-3'-dideoxythymidine (AZT) (Mit-
suya, et al, Proc. Natl. Acad. Sci., U.S.A., 1985, 82,
71096-7100; M. A. Fischl, et al, New England J. Medi-
cine, 1987, 317, 185-191; and D. D. Richman, et al, New
England J. Medicine, 1987, 317, 192-197), incorporated
herein by reference.

The molecular mechanism of the effect of AZT com-
prises its diffusion inside cells infected with the virus of
human immune deficiency. Thereafter, it is subjected to
triphosphorylation and specifically blocks the synthesis
of a DNA catalyzed by a reverse transcriptase which is
coded by the virus of human immune deficiency. How-
ever, AZT inhibits reproduction of the virus of human
immune deficiency not in all types of human cells which
1s apparently associated with different degrees of con-
version of AZT into AZT 5'-triphosphate (AZTTP).
AZT is a toxic substance which mainly affects hemo-
poiesis and the activity of the central nervous system.

Other 3'-azido-2',3'-dideoxynucleosides with bases:
cytosine (AzC), adenine (AzA) and guanine (AzG) also
exhibit an inhibiting activity in reproduction of the virus
of human immune deficiency, though less clearly pro-
nounced as compared to AZT.

SUMMARY OF THE INVENTION

The present invention is directed to novel com-
pounds exhibiting a selective inhibition of the reproduc-
tion of the virus of human immune deficiency and
which possess low toxicity.

The present compounds are 5'-phosphonates of 3'-
azido-2',3’-dideoxynucleosides having the formula

('JH
RO © B wherein R is selected from --CH;;-—Iﬁ'—OH
O
N3

and B is selected from
O
{

thymin-1-yl, —P—QOH,

|
H

cytosin-1-yl, or
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~-continued
adenin-9-vl, or
O
I

guanin-9-yl. —P—QOH

I
CH;

These compounds are capable of inhibiting the repro-
duction of the human immune deficiency virus and are
less toxic as compared to the prior art compounds.

DETAILED DESCRIPTION OF THE
INVENTION

The compounds according to the present invention
are white amorphous powders, readily soluble in water,
sparingly soluble in ethanol and insoluble in other or-
ganic solvents.

The purity and structure of the compounds according
to the present invention were proven by chromatogra-
phy, UV- and NMR-spectroscopy.

The compounds according to the present invention
selectively 1nhibit the virus of human immune defi-
ciency in vitro in a culture of human lymph cytes
HY9/1IIB MT4.

As the source of the virus of human immune defi-
ciency use was made of grafted lymphoblastoidal lines
of human cells producing said virus (H9/IIIB and

‘MT4), the production of the virus by the cells was

controlled in an immunofluorescence reaction and by
means of electron microscopy. Cells were cultured in
RPMI 1640 with a 15% inactivated serum of cow em-
bryos with 300 ug/ml of glutamine, 100 ug/mi of genta-
mycin, 10 mM of HEPES-buffer and grown as a suspen-
sion. The cultured liquid was collected by centrifuga-
tion at 5,000 r.p.m. for 10 minutes and lymphocytes of
the peripheral blood of healthy donors were used for
infecting at the rate of 1 ml of a supernatant of a cul-
tured liquid containing the virus of human immune
deficiency per every 10® lymphocytes of human periph-
eral blood isolated from the harinized blood of healthy
donors in a phycoll-isopane gradient. The cells were
cultures in RPMI 1640 with a 159% inactivated serum of
cow embryos, 300 pug/ml of glutamine, 100 ng/ml of
gentamycin, 100 mM of HEPES-buffer and incubated
for 48 hours at 37° C. in a humidified CO; atmosphere in
the presence of phytohemagglutinin at the concentra-
tion of 100 pg/ml. A further culturing of lymphocytes
after the incorporation of the virus was effected for 6
days in the presence of a 109% natural human lympho-
cytic interleukin-2.

The determination of an antigenic effect (immunoen-
zymatic analysis) of the material was carried out in
96-hole plastic plates by a conventional technique. The
indirect immunofluorescence reaction was carried out’
in fixed preparations of antigen containing cells produc-
ing the virus of human immune deficiency. The calcula-
tion of the viable cells was effected with the use of
trypan blue dye.

The results of the tests are shown in Tables 1-4 here- -
inbelow.

As the control use was made of azidonucleosides
AZT, AzC, AzA and AzC, respectively.
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TABLE 1

INHIBITION OF HUMAN IMMUNO-DEFICIENCY VIRUS (HIV-1) WITH 5-PHOSPHONATES OF
J-AZIDO-23'-DIDEOXY THHMIDINE INH9/IIIB CELLS
COMPOUNDS OF THE INVENTION

S -methylenephosphonate

CONTROL
3cazido-2',3 -dide-

3'-hydrogenphosphonate S'-methylphosphonate

of AZT of AZT of AZT _ oxvthymidine (AZT)
(C + V)** C+V _ C+V C -V
Experiment  (C x 10® X106 P Cx 100 x100 ¢ C x 10° x 106 T C x 10 X100 %
No. Conditions (a) (b) (b) + (a) (c) (@) (d) = (¢} (e) () () = (e) (g) ~{h) (h) = (g)
1.  Cells 1.10 — — 1.20 — — .10 — — 1.20 — —
{control) | .
2. Cells + 1.00 0.52 52 0.60 0.21 36 1.00 0.52 52 0.60 0.28 346
Virus '
3. Cells + 0.75 0.11 15 0.65 0.12 1 8 1.20 0.26 22 0.60 0.06 10
Virus +
Compound
(1 uM)
4. Celis 4 —_— — — 0.60 0.13 22 — —_ — 0.58 0.06 11
Virus -+
Compound
(5 pM)
5. Cells + 1.00 0.06 6 1.00 0.14 14 0.75 0.13 17 0.35 0.035 10
Virus +
Compound
(10 uM)
*C = Concentration of living cells per mi.
**(C + V) = Concentration of virus-containing cells (per ml and percentage of virus containing celis to the hving cells).
The data in Table 1 demonstrates that at effective control (CXx10% is in both cases 1.0x10% for

concentrations of phosphonate derivatives of AZT, the
quantity of living cells is significantly higher than in the
case of AZT. For 5'-methylenephosphonate and 35-

AZ'T—0.35X%10°). Thus, the toxicity of these two com-
ponents 1s much lower than for AZT by the retention of
inhibitory activity of virus reproduction.

TABLE 2

INHIBITION OF HUMAN IMMUNODEFICIENCY VIRLUS
REPRODUCTION WITH 5-HYDROGENPHOSPHONATES OF
3-AZIDO-2 . 3'-DIDEOXYCYTIDINE IN MT4 CELLS

Compounds of this

Invention Control
> -hvdrogenphosphonate of AzC AzC
| (C ~ \V)** C -V
. Experiment *C =« 10® w100 e C « 10% « (b f?
No. Coandiuons (1) () (3) = (1) (k) {1 (- (k)
0o S U U
1. Cells 1.03 - — 1.03 — —
(Control)
2. Cells + 0.42 0.42 100 0.42 0.42 100
Virus
3. Cells - 0.52 0.48 92 0.406 .43 97
Virus +
Compound
(10 uM)
4. Cells + .73 0.57 78 0.40 0.36 Y|
Virus -+ *
Compound
(30 uM)

*C = Concentraton of living cells per mi.
**(C + V) = Concentration of virus-containing cells (per mi and percentage of virus-contaimng cells 1o
the hiving cells).

hydrogenphosphonate of AZT, the quantity is close to

TABLE 3

INHIBITION OF HUMAN IMMUNODEFICIENCY VIRUS REPRODUCTION WITH 5-PHOSPHONATES
OF 3-AZIDO-2'3'-DIDEOXYADENOSINE IN MT4 CELLS

Compounds of this Invention

Sl

5'-methylenephosphon- S-hydrogenphosphonate S'-methylphosphon- Control
ate of AzA - of AzA ate of AzA _ AzZA
(C + V)*s C x C+V C+V C x C +- V
Experiment C* x 10° x10° T 106 <100 Te C x 10° ~10° % 10¢ 107 ¥
NO. conditions (M) (N) (N) = (M) (O) (Py (P) = (O) (Q) (R) (R) = (Q) (S) (T) (TY = (S)
. Cells 0.95 — — 0.95 —_ —_— 0.95 —_ — 0.95 — —
(control)
2. Cells + 0.48 0.46 96 0.48  0.46 96 0.48 0.46 96 0.48 046 96
vVIrus -
3, Cells + 0.48 0.29 61 0.56 0.36 65 (.51 0.45 88 045 0.42 G2
VIFus =+

Compound



5,043,437

6

TABLE 3-continued
INHIBITION OF HUMAN IMMUNODEFICIENCY VIRUS REPRODUCTION WITH 5-PHOSPHONATES

__OF 3-AZIDO-2".3-DIDEOXYADENOSINE IN MT4 CELLS

i

___Compounds of this Invention

5'-methylenephosphon- 5-hydrogenphosphonate 5-methyviphosphon- Control
ate of AzA _ of AzA _ __ateof AzA AzA
(C + Vo= C X C+V _ C+V C X ___C+V
Experiment C* x 10% x 106 7 106 x10¢ %o C x 10® x10° % 106 x 108 7
NQO. conditions (M) (N) (N)=-~ M) (0 (P) (P) = (O) (Q) (R} . (R) = (Q) (S) (Ty (T = (8)
(5 uM) |
4. Cells + 0.65 0.35 56 0.62 0.40 65 0.58 0.47 81 0.52 045 86
virus +
Compound
(10 uM)
5. Cells + 0.94 0.30 32 0.92  0.35 38 0.61 0.41 67 0.56  0.45 80
virus + |
Compound
(30 uM)

***Cand C + V are as defined in Tables | and 2.

In Table 3, the effect of virus inhibition with 3'-methylenephosphonate and 5'-hydrogenphosphate of AzA is close to that of AzA. The toxicity of the compounds of the

Invention are lower than that of AzA as shown by concentration of iving cells on the administration of 30 um of each of the compounds (cf. 0.94 « 10%and 0.92 . 10"
against 0.56 x 10° for AzA. -
TABLE 4
INHIBITION OF HUMAN IMMUNODEFICIENCY VIRUS WITH 5-PHOSPHONATES OF
L 3-AZ1D0-2" 3 .-DIDEOXYGUANOSINE IN MT4 CELLS
_ Compounds of this Invention
S'methylenephosphon- 5'-Hydrogenphosphon- S'methylphosphon- Control
ate of AzG ~ _ate of AzG ate of AzG - AzG
(C + V)** C x C+-V  Cx C +V C x - C -V
Experimeni C* % 10% x 108 % 108 w100 7 106« 10° % 100 100 e
NO. conditions (U (V)Y (V) = (Y (W) (X) (X} = (W) (Y) (Z) (Z) = (Y) (AA) (BB) (BB) =~ (AA)
[. Cells 1.2 — — 1.2 — — | — — 1.2 — —
(control)
2. Cells + 0.65 0.65 100 0.65 0.65 100 0.65 0.65 100 0.65  0.65 100
VITUS
3. Cells + 0.68 0.62 01 0.62 0.60 06 0.65 0.65 100 0.65 0.63 96
virus -
compound
(I uM)
4. Cells + 0.70 0.48 68 0.75  0.2] 28 0.70 0.43 61 0.71 0.68 06
virus -+
compound
(5 uM)
5. Cells + 0.85 0.26 30 0.86 0.20 23 0.78  0.45 38 0.76  0.73 96
virus -+ )
compound
(10 uM)
6. Cells +~ 1.04 0.13 12 107 011 10 0.56 (.38 68 0.81 0.73 90
VIirus -
compound
(30 uM)

* **C and C + V are as defined in Tables 1 and 2.

- As seen from the results shown in Tables 1-4, in all
cases, the compounds according to the present inven-
tion, namely 5'-methylenephosphonates or 5'-hydro- .
phosphonates of 3’-azido-2',3'-dideoxynucleosides are
effective in inhibiting reproduction of the virus of
human immunedeficiency, while suppressing the repro-
duction of cells to a much lower extent than the corre-
sponding azidonucleosides. While having a satisfactory
effect on the virus, the compounds according to the
present Invention, viz. 5'-methylphosphonates of 3'-
azido-2',3'-dideoxynucleosides, cause per se a consider- .
able inhibition of cell growth due to their toxicity 60
which results in a reduced cell population in compari-
son with 5'-methylenephosphonates or 5’-hydrophos-
phonates of 3’-azido-2’,3’-dideoxynucleo-sides.

Therefore, all the compounds according to the pres-
ent invention show a clearly pronounced inhibitory
effect on the virus of human immune deficiency.

The compounds according to the present invention
were tested for toxicity. The test results are shown in

50

55

65

Table 5 hereinbelow wherefrom it is clear that the pres-
ent compounds exhibit Jower toxicity as compared to
the starting azidonucleosides (AZT, AzC, AzA, AzG).

TABLE 5

TOXICITY OF THE COMPOUNDS ACCORDING TO
THE PRESENT INVENTION IN COMPARISON WITH
AZIDONUCLEOSIDES IN CULTURES OF HUMAN
LYMPHOCYTES H9/IIIB and MT4

Growth
Inhibition at the
Concentration

of 0.5 mM. %

No. Compound HO. [IIB  MT4
M
. §'-methyvlenephosphonate 35 10
of 3'-azido-2'.3'-dideoxy-
thymidine
2. S'-methylenephosphonate of 20 65

3'-azido-2'.3'-dideoxycyti-
dine
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TABLE 5-continued

TOXICITY OF THE COMPOUNDS ACCORDING TO
THE PRESENT INVENTION IN COMPARISON WITH
AZIDONUCLEOSIDES IN CULTURES OF HUMAN

LYMPHOCYTES H9/11IB and MT4

Growth
Inhibition at the
{Concentration

of 0.5 mM. %

No. Compound H9/IIIB MT4
e it R
3. S"-methylenephosphonate of 10 30
3-azido-2',3’-dideoxyaden-
0sing
4. S'-methylenephosphonate of 30 65
3 -azido-2',3 -dideoxyguano-
sine
5. 5’-hydrophosphonate of 3'- 10 3G
-azido-2',3'-dideoxythymidine
6. S'-hydrophosphonate of 3’-azido- 10 10
-2'.3"-dideoxycytidine
7. d'-hydrophosphonate of 3'- i0 0
-azido-2',3'-dideoxyadeno-
sine
8. S'-hydrophosphonate of 3'- 20 30
-azido-2’,3'-dideoxyguano- |
sine
9. 5’-methviphosphonate of 3'- 85 100
-azido-2',3'-dideoxythymi-
dine
10. 5'-methylphosphonate of 3'- 835 100
-az1do-2',3'-dideoxycytidine
11. S’-methvlphosphonate of 3'- 70 80
-azido-2",3'-dideoxyadenosine
i2. 5'-methylphosphonate of 3'- 80 100
-azido-2",3'-dideoxyguano-
sine
13. AZT 100 100
14. AzC 80 60
15. AzA 70 80
16, AzG 90 100

The compounds according to the present invention
are prepared in the following manner.

S’-methylenephosphonates of 3’-azido-2',3’-dideox-
ynucleosides are prepared by reacting hydromethyl-
phosphonic acid P,P-diethyl ether toluenesulphonate
with an azidonucleoside or with an N-protected
azidonucleoside derivative treated with sodium hydride
In an organic solvent in an atmosphere of an inert gas.
Then, the desired product is recovered from the reac-
tion mass and purified. The desired product yield is
within the range of from 25 to 40% by weight.

S-hydrophosphonates of 3'-azido-2’,3'-dideoxynu-
cleosides are prepared by reacting imidazole, phospho-
rus trichloride and an azidonucleoside or an N-
protected azidonucleoside derivative in an organic sol-
vent, followed by the recovery and purification of the
desired product. The vield of the desired product 1S
equal to 58-80% by weight.

S'-methylphosphonates of 3'-azido-2',3’-dideoxynu-
cleosides are obtained by reacting dichloromethylphos-
phonate with an azidonucleoside or with an N-
protected azidonucleoside derivative in an organic sol-
vent, followed by isolation and purification of the de-
sired product. The yield of the desired product is equal
to 30-40% by weight.

For a better understanding of the present invention,
some specific examples illustrating the preparation of
the compounds of the present invention are given here-
inbelow,

EXAMPLE |

To a suspension of sodium hydride (54 mg, 2.25
mmol) 1n 3 ml of dimethylformamide, a solution of
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3'-azido-2',3'-dideoxythymidine (200 mg, 0.75 mmol) in
5> ml of dimethylformamide was added for 15-20 min-
utes in an inert gas atmosphere and stirred for 30 min-
utes at the temperature of 20° C. A solution of hydrox-
ymethylphosphonic acid P,P-diethyl ether toluenesul-
fonate (240 mg, 0.75 mmol) in 3 ml of dimethylformam-
ide was then added to the reaction mass and the latter
was vigorously stirred for 3 days at 20° C. The progress
of the reaction was controlled by way of thin-layer
chromatography in a chloroform-ethanol 9:1 (A) sys-
tem. On completion of the reaction 0.13 ml of acetic
acid was added, the reaction mass was evaporated and
re-evaporated with 5 ml of dimethylformamide. The
residue was extracted with chloroform (55 ml). The
extracts were evaporated and the residue was purified
in a column with silica gel 40/100u (12 X2.5 cm). The
elution was carried out with 300 ml of chloroform, then
with 400 ml of a chloroform-ethanol (9:1) mixture fol-
lowed by collecting fractions of 2 ml. The respective
fractions were combined and evaporated to give 130 mg
of an oily substance with R/~=0.63 (system A) which
was dissolved in 3 ml of dimethyiformamide, added to
trimethylsilylbromine (0.3 ml) at 4° C., stirred for 30
minutes and allowed to stay for another 24 hours at 20°
C. The reaction mass was evaporated, added to 5 ml of
water and triethylamine to a pH=9.0, allowed to stay
for one hour and extracted with chloroform (3 x5 ml).
The aqueous layer was evaporated, the residue was
purified in a column with 300 ml of DEAE cellulose (in
the HCO3— form) with a linear gradient of ammonium
bicarbonate of from 0 to 3.3M. The total volume of the
resulting eluent was 31. The fractions containing the
desired product were evaporated, re-evaporated with
water (35X 10 ml) and ethanol (3 X20 ml). The residue
was extracted with 10 ml of methanol, evaporated to 2
ml, added to 30 mg of NaClO4and 5 ml! of acetone. The
residue was separated, washed with acetone and dried.
There were obtained 82 mg (409% by weight) of 5'-
methylene phosphonate of 3’-azido-2',3’-dideoxvthymi-
dine comprising a white amorphous compound insolu-
ble in organic solvents with R=0.2, system iso-
propanol-ammonia-water 7:1:2 (B); (highly effective
liquid chromatography on nucleosyl 120-7 NH> in a
linear gradient of Ko;HPQO40.5-1M), retention time 10.6
min. UV-spectrum, nm, Ayqx 265 (69600 pHI), Ajnin 238

* (€3500 pHI); H-NMR (D0, 8, ppm): 7.54, d (1H, H6,

50
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J=0.5 Hz); 1.95, d (3H, CH3, J=0.5 Hz): 6.18, t, (1H,

HI', Jr3=6.0 Hz); 2.60, m, (2H, 2H2'): 3.70-4.80, m

(¢H,H3'+H4'4+-2H5"); 3.68, d, (2H, CH,P, Jpy=28.6
Hz). 3IP-NMR (D-»0), 8, ppm): 13.7, t. Jpy=28.6 Hz).

EXAMPLE 2

To a suspension of sodium hydride (54 mg, 2.25
mmol) n 3 ml of dimethylformamide, a solution of
3'-az1do-2',3'-dideoxy-N-benzoylcytidine (265 mg, 0.75
mmol) in 5 ml of dimethylformamide was added for
15-20 minutes in an inert gas atmosphere and stirred for
30 minutes at the temperature of 20° C. A solution of
hydroxymethylphosphonic acid P,P-diethyl ether tolu-
enesulfonate (240 mg, 0.75 mmol) in 3 ml of dimethyl-
formamide was then added and the reaction mass was
vigorously stirred for 3 days at 20° C. The progress of
the reaction was controlled by thin-layer chromatogra-
phy in the system A. On completion of the reaction 0.13
ml of acetic acid was added, and the reaction mass was
evaporated. The residue was extracted with chloroform
(5X 5 ml) and the chloroform was then evaporated. The
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residue was dissolved in 3 ml of dimethylformamide,
added to 0.3 ml of trimethylsilylbromide at 4° C. The
solution was allowed to stay for 24 hours at 20° C. The
reaction mass was evaporated, added to 5 ml of water
and triethylamine to a pH of 9.0 and extracted with
chloroform after 1 hour. The aqueous layer was con-
centrated to 1 ml and added to 30 ml of unsaturated
solution of ammonia in methanol to remove the N-benz-
oyl group. After 24 hours, the solution was evaporated.

The recovery and purification of the desired product
were carried out in a manner similar to that descnibed in
Example 1 to give 5'-methylenephosphonate of 3'-
azido-2',3'-dideoxycytidine. The product yield was
45% by weight.

The resultant compound was a white amorphous
substance well-soluble in water and insoluble in organic
solvents.
- Ry=0.24 (B); retention time 8.8 minutes. UV-spec-
trum, nm, pH=7.); Apmax 271 (€8900); Amin 252 (€6300).

'H-NMR (D;0, §, ppm): 7.66, d, (1H, HS5,
J5.6=8.0=8.0 Hz); 5.79, d, (IH, HS, Js¢~-8.0 Hz); 5.95 t,
(1H, HI', J1'3'=6.0 Hz); 2.66 m (2H, 2H2'); 3.81-4.34 m
(4H, H3'H4' 4+-2HY5’); 3.75 d (2H, CH;P, J, y=8.6 Hz).
3IP-NMR (D0, 8§, ppm): 16.0 5, Jpy=8.6 Hz.

EXAMPLE 3

In 2 manner similar to that described in Example 2,
S'-methylenephosphonate  of  3'-azido-2',3'-dideox-
yadenosine was obtained. The yield was 35% by
weight.

The resultant compound was a white amorphous
substance, well-soluble in water and insoluble in organic
solvents; RA.12 (B), the retention time was 12,4 min-
utes. UV-spectrum, nm, pH 7.0:A,0x 261 (€15100)A min
231 (€2750); IH-NMR (D70, 6, ppm): 8.23 s (IH, H2):
8.38 s (1H, H8); 640 t (1H H1’; J;2=5.0 Hz); 2.80 m
(2H, 2h2); 4.00-4.50 m (4H, H3+ H44-2H5); 3.70d (2H,

CH,P, Jp y=8.6 Hz). 3IP-NMR (D;0, §, ppm): 1.57, 5,

JP,H= 8.6 Hz. :
EXAMPLE 4

In a manner similar to that described in Example 2,
5-methylenephosphonate  of  3'-azido-2',3'-dideox-
yguanosine was obtained. The yield was 27% by
weight.

The resultant compound was a white amorphous

substance, wgll-soluble in water and insoluble in organic
solvents.
- Ry=0.08 (B), retention time 12.3 minutes. UV-spec-
trum, nm, pH 7.0: Apmax 253 (€11500), Apun 227 (€2900);
IH-NMR (D;0O, 6, ppm): 8.10 s (1H,H8); 6.35 : t
(IH,HI', J;'»»=3.0-Hz; 2.8 m (2H, 2H2); 3.95-440 m
(4H, H3" +H4 +2H5'); 3.65 d (2H, CH;P, Jpy=8.6
Hz). 3!P-NMR (D;O0, 8, ppm): 15.8 t, Jp y=8.6 Hz).

EXAMPLE 5§

Imidazole (0.50 g, 7.36 mmol) was dissolved in 15 ml
of absolute acetonitrile and cooled to 0° C. Phosphorus
trichloride (0.19 ml, 2.16 mmol) was added under stir-
ring. The reaction mixture was stirred for 15 minutes at
0° C., a solution of 3'-azido-2',3’-dideoxythymidine (134
mg, 0.5 mmol) in 10 ml of acetone was then added drop-
wise for 30 minutes so that the reaction mass tempera-
ture did not rise above +5° C. The reaction mass was
stirred for 2 hours at 20° C., added to 3.5 ml of water
and evaporated over 20 minutes. Then the compound
was placed into a column with Toepear]l DEAE (5% 25
cm) and eluted with ammonium bicarbonate with a
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linear gradient of concentrations of from 0 to 0.3M. The
total volume wa 1 liter. The fractions containing the
desired product were collected and evaporated. The
excess of the salt was removed by way of a repeated
reevaporation with water. The residue was lyophilized
from water to give 140 mg of 5'-hydrophosphonate of
3'-azido-2',3'-dideoxythymidine (80% by weight) com-
prising a while amorphous substance, well soluble in
water and sparingly soluble in ethanol.

R=0.55 (B), retention time 7.2 minutes; UV-spec-
trum, nm, pHIL: A,ngx 265 (€9800), Amin 238 (€3400). 1H-
NMR (D70, 6, ppm): 7.52 d (IH, H6, J==0.5 Hz); 1.92
d (3H, CH3, J=0.5 Hz) 6,52 t (IH, HI', J; 2> =6.0 H2):
2.45 m (2H, 2H2'); 3.90-4.42 m (4H, H3+H4'+2H5'):
6.64 d (IH, Hr, Jpy=6.29 Hz). *'P-NMR (D0, 8,
ppm): 6.6 m (Jp y=629 Hz, Jp y5'=6.3 Hz, Jp y4=1.6
Hz) (the spectrum was taken without inhibition of split-
ting on protons).

EXAMPLE 6

Imidazole (0.50 g, 7.36 mmol) was dissolved in 15 ml
of absolute acetonitrile and cooled to 0° C. Phosphorus
trichloride (0.19 ml, 2.16 mmol) and then triethylamine
(1.05 ml, 7.54 mmol) were added under stirring. The
reaction mixture was stirred for 15 minutes at 0° C., and
then a solution of 3’-azido-2',3'-dideoxy-N-benzovlcyti-
dine (182 mg, 0.5 mmol) in 10 ml of acetonitrile was
added dropwise for 30 minutes so that the reaction mass
temperature did not rise above 5° C. The reaction mass
was stirred for 2 hours at 20° C., added to 3.5 m! of
water and evaporated after 30 minutes. The removal of
the benzoyl group was effected using a saturated solu-
tion of ammonia in methanol at 20° C. for 24 hours. The
recovery and purification were conducted following
the procedure similar to that described in Example 8.

There was thus obtained 5'-hydrophosphonate of
3.azido-2',3'-dideoxycytidine (the yield was 729 by
weight). The resultant compound was a white amor-
phous substance, well-soluble in water and sparingly
soluble in ethanol. R/=0.50 (B), the retention time 5.1
min.

UV-spectrum, nm, pH 7.0: A0 273 (€8750), Amin 248
(€6200); 'H-NMR (D70, &, ppm): 7.26 d (IH, HS6,
Js6=8.0 Hz); 578 d (IH,HS Js6=8.0 Hz); 595 t
(IH,HI', J1' 2 =6.0 Hz); 2.70 m (2H, 2H2’); 3.75-4.32 m
(4H, H3'+ H4'+2HS'); 6.63 d (IH,HP, Jp =632 Hz).
SIP.NMR (DO, 8, ppm): 6.6 m (Jpy=632 Hz,
JpS'==6.3 Hz), Jp 4’ =1.6 Hz.

EXAMPLE 7

In a manner similar to that dsscribed in Example 6,
5’-hydrophosphonate of 3'-azido-2’,3'-dideoxyadeno-
sine was obtained (yield=67% by weight).

The resultant compound was a white amorphous
substance, well-soluble in water and sparingly soluble in
ethanol.

R=0.489 (B); retention time 8.9 min; UV-spectrum,
nm, pH 7.0: Apax 260 (€15350), Apmin (229 (€2700); TH-
NMR (D;O, 6, ppm): 8.39 s (:H,H8); 8.25 s (IH,H2),
6.40 t (IH, H, J;>,=5.0 Hz); 2.80 m (2H, 2H2),
4.04-4.60 m (4H, H3' +H4'+2HS5"); 6.65 4 (1H,H~,
JpH= =632 Hz). The >IP-NMR spectrum was similar
to that of the compound obtained in Example 7.

EXAMPLE 8

S-hydrophosphonate of 3'-azido-2’,3’-dideoxyguano-
sine was obtained in a manner similar to that described
in Example 6. The yield was 589 by weight. The resul-
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tant compound was a white amorphous substance, well-

soluble in water and sparingly soluble in ethanol.
Ry=0.44 (B), retention time as 8.4 minutes. UV-spec-

trum, nm, (pH=7.0): Anax 252 (€11500), Amin 226

(€3000); 'H-NMR (D-0, §, ppm): 8.08 s (IH,H8): 6.42t 3

(1H, HI', J; 2=5.0 Hz); 2.80 m (2H, 2H2"), 4.00-4.40 m
(4H, H3'+-H4'+2HS5'); 6.63 d (1H,H?, Jpy=654 Hz).
SIP-NMR (D20, 8, ppm): 6.6 m (Jpy=654 Hz,
Jpu5'=6.4 Hz, Jpy4'=1.5 H2).

EXAMPLE 9

To a solution of 3'-azido-2,3'-dideoxythymidine (130
mg, 0.5 mmol) in 2 ml of trimethylphosphate at 0° to °
C. dichloromethanephosphate (200 mg, 1.5 mmol) was
added for 3 hours, stirred overnight at +4° C., and for
S hours at 20° C. The reaction mass was evaporated, the
residue was added to 5 ml of water and 1 mi of triethyl-
amine upon cooling to 0° C., and allowed to stay for 1
hour and again evaporated. The residue was purified by
chromatography on a column (20 X4 cm) with DEAE
cellulose in HCO3;—. The elution was conducted using
31 of ammonium bicarbonate with a linear gradient of
from O to 0.IM. The fractions containing the desired
product were evaporated. The salt excess was removed
by repeated and re-evaporation with water. The residue
was extracted with 10 ml of methanol, concentrated to
2 ml, added to 30 mg of NaClO4 and 5 ml of acetone.
The residue was separated, washed with acetone and
dried. There were thus obtained 120 mg (33.0% by
weight) of 5'-methylphosphonate of 3'-azido-2',3'-
dideoxythymidine comprising a white amorphous sub-
stance, well-soluble in water and sparingly soluble in
ethanol.

R =0.6 (B); retention time 7.0 min, UV-spectrum, nm
pH 1.0; Apax 265 (€9600), Apmin 240 ()e3450); TH-NMR
(D70, 8, ppm): 7.60 d (1H, H6, J=0.5 Hz); 1.88 d (3H,
CH;j, J=0.5 Hz) 6.16 t (IH,HI', Jr »=6.0 Hz): 2.46 m
(2H, 2H2'); Jp.cHy3=3.80-4.90 m (4H, H3' +H4'+ 2H5":
1.30d 3H, CH;P, Jp cyy=17 Hz)

EXAMPLE 10

To a solution of 3'-azido-2',3’-dideoxy-N-benzoyl-
cytidine (187 mg, 0.5 mmol) in 2 ml of trimethylphos-
phate at from 0" to 4° C., dichloromethanephosphonate
(200 mg, 1.5 mmol) was added for 3 hours, stirred over-
night at 4° C. and for 5 hours at 20° C. The reaction
mass was evaporated, the residue was added to 5 ml of
water and 1 ml of triethylamine upon cooling to 0° C,,
and allowed to stay for 1 hour and evaporated. For the
removal of the N-benzoyl group the residue was added
to 25 ml of a saturated solution of ammonium in metha-
nol. 24 hours thereafter, the solution was evaporated to
dryness. The recovery and purification were conducted
following a procedure similar to that described in Ex-
ample 9.

There was obtained 5'-methylphosphonate of 3'-
azido-2',3'-dideoxycytidine in the yield of 35% by
weight. The resultant compound was a white amor-
phous substance well soluble in water.

Rr=0.48 (B) retention time 4.6 minutes; UV-spec-
trum,nm, pH="7.0: A zx=271 (€8800), A,nin 250 (€6400).
'H-NMR (D0, 8, ppm): 7.65 d (1H,H6, Js ¢=28.0 Hz);
5.80 d (IH, HS, J56=8.0 Hz); 5.97 t (1H, HI', Jr > =6.0
Hz), 2.70 m (2H, 2H2"), 3.78-4.34 m (H3' +H4’ 4 2H5");
1.30 d (3H, CH3P Jpcr3=17 Hz).
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EXAMPLE 11
5'-methylphosphonate  of  3’-azido-2',3'-dideox-

yadenosine was obtained in a manner similar to that
described in Example 10. The yield was 309% by weight.
The resultant compound was a white amorphous sub-
stance, well soluble 1n water.

Rr=0.38 (B); retention time 7.8 minutes. UV-spec-
trum, nm, pH 7.0: Apgx 260 (€15300), Ay 230 (€2300):
H-NMR (D;0, &, ppm): 8.24 s (IH, H8); 6.40 t (1H, HI,
Jj2=50 Hz) 2.80 m (2H, 2H2"); 4.00-4.40 m (4H,
H3'+H4'+2HS5"); 1.30d (3H, CH;3P, Jpcyi=17 H2).

EXAMPLE 12

d'-methylphosphonate  of  3'-azido-2',3'-dideox-
yguanosine was obtained in a manner similar to that
described in Example 11. The yield was 309 by weight.
The resultant compound was a white amorphous com-
pound, well soluble 1n water.

R~=0.55 (B); retention time 7.6 min. UV-spectrum,
nm, pH=7.0: Anar 253 (el1000), Amin 228 (€2800).
H-NMR (D20, 6, ppm): 8.08 s (1H, H®); 4.00-4.40 m
(4H, H3'+H4'+2HS5'); 1.30 d (3H, CH3P, Jp cya=17
Hz). |

Industrial Applicability

The compounds according to the present invention,
viz. S'-phosphonates of 3’-azido-2',3473 -dideoxynu-
cleosides are capable of inhibiting the reproduction of
the virus of human immune deficiency in a culture of
lymphocytes and can be useful in medicine.

We claim:

1. 5’-Phosphonates of 3'-azido-2',3’-dideoxynucleo-
sides of the formula:

wherein R 1s a phosponate selected from the group
consisting of

(l)H
~~CH»—P—OH, —T“OH, or —T—OH
H

O O
I {

|
O CH:
and B 1s thymin-1i-yl, cytosin-1-yl, adenin-9-yl or
guanin-9-yl.
2. The compound of claim 1, wherein
R 1s

O

I
--fl’—OH
H

and B 1s thymin-1-yl.
3. The compound of claim 1, wherein
R 1s
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Q O
| |
. =—P—OH — P—0OH
) |
H 3 H
and B 1s adenin-9-yl. ' | and B 1s cytosin-1-yl.
4. The compound of claim 1, wherein R is 6. The compound of claim 1, wherein
R 1s
‘i? 10
—T—OH (|:|) |
B —-CH;—T—OH
OH
and B 1s guanin-9-yl. IS
3. The compound of claim 1, wherein and B 1s thymin-1-yl.
R iS | * %K x ** X
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